Micro- and nano-structural analyses of damage in bone.
Skeletal fractures represent a significant medical and economic burden for our society. In the US alone, age-related hip, spine, and wrist fractures accounted for more than $17 billion in direct health care costs in 2001. Moreover, skeletal fractures are not limited to the elderly; stress fractures and impact/trauma-related fractures are a significant problem in younger people also. Gaining insight into the mechanisms of fracture and how these mechanisms are modulated by intrinsic as well as extrinsic factors may improve the ability to define fracture risk and develop and assess preventative therapies for skeletal fractures. Insight into failure mechanisms of bone, particularly at the ultrastructural-level, is facilitated by the development of improved means of defining and measuring tissue quality. Included in these means are microscopic and spectroscopic techniques for the direct observation of crack initiation, crack propagation, and fracture behavior. In this review, we discuss microscopic and spectroscopic techniques, including laser scanning confocal microscopy (LSCM), scanning electron microscopy (SEM), transmission electron microscopy (TEM) and Raman spectroscopic imaging for visually observing microdamage in bone, and the current understanding of damage mechanisms derived from these techniques.